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PaBHOMepHbie OI],eHKH OCTaTKOB 

B acHMHTOTHHecKHx Bijipa:aceHH5ix flJia C06cTBeHHI>IX c})yHKI];HH 
onepaTopa UlTypMa— JlHyEHjijiH c noTeHii,HajiOM — pacnpeflejienneM 

CaBHyK A. M. 

B HacTOHmeft aaivieTKe HsynaeTCfl onepaTop IIlTypMa-JlHyBHjijiH 



O ■ dx^ 
(N 

^ . B npocTpancTBe L^^^ vr] c rpaHHHHbiMH ycjiOBHSMH /^Hpnxjie. npe/i;nojiaraeTca, hto noTeHii;Haji 
q{x) aBJiaeTca pacnpe^ejieHneM nepBoro nop5i;i;Ka CHHryjiapnocTH, T.e. q{x) G W^"^ hjih, hto 
^ I TO 5Ke caMoe, = v![x)^ u[x) G L2[0,7r] (npoHSBO^Hafl a^ecb noHHMaeTca b CMbicjie pacnpe- 
flejiGHHii). OnepaTopbi TaKoro BH^a 6bijiH onpe^ejienbi b paSoTe [4]. B paSoTax [4] h [5] Sbijio 
flOKaaano, hto onepaTop L (Jjpe^rojibMOB c HH^eKcaMH (0,0) (b cjiy^ae BemecTBenHoro noTen- 
^ . ii;Hajia - caMOConpajKen) , nojiyorpaHnneH, HMeeT hhcto ;i;HCKpeTHbiH cneKTp. Emjih nojiyneHbi 
acHMHTOTHHecKHe (J)opMyjibi co6cTBeHHbix aHaneHHii h co6cTBeHHbix 4)yHKii;HH, a TaKJKe 
Sbijia flOKaaana SasHCHOCTb PHCca b npocTpancTBe L2 CHCTeMbi co5cTBeHHbix h npHcoe^HHen- 

HblX BCKTOpOB. B paSoTG ^ SblJIH nOJiy^GHbl aCHMBTOTHHeCKHe (J)OpMyjIbI flJIfl CoScTBeHHblX 

3HaHeHHH TaKHx onepaTopoB, paBHOMepnbie no niapy ^ i?. B stoh paSoTe mm Hsy^HM 
noBe^eHHe co5cTBeHHbix h npHCoe^HHenHbix (J)yHKii;HH TaKHx onepaiopoB, b nacTHOCTH nojiy- 
, MHM fljia HHx TaKJKe paBHOMepHbie oii;eHKH. Mbi nay^HM cjiynaH noTeHii;Hajia, npHHa;i;jie>Kaiii;ero 
O ! niKajie coGojigbckhx npocTpancTB iy2~^[0,7r], r;i,e | < 6* ^ 1. 

! BnaMajie mm ^a^HM neoSxo^HMbie onpe^ejienna, bbg^gm o6o3Ha^eHHa h npHBe^eM ^OKaaan- 
Hbie panee (b paSoTax [4], [5] h [6]) peayjibTaTbi 06 onepaTope L. 
^ , HycTb B flH(J)(J)epeHn,HajibHOM Bbipa>KeHHH 
00 . 

O . l{y) = -y" + q{x)y (1) 



(i)yHKn,Ha q{x) G W2 ^[0, vr], a u{x) = J q{^) d^ — npoHSBOJibnaa nepBOoSpaanaa h3 npocTpan- 
CTBa L2[0,7r]. Bbg^gm KBaaHnpoHSBO^Hyio 

y^^\x) = y\x) — u{x)y{x) 

H nepennmeM BbipajKCHHe ([l]) b bh^g 

l{y) = -{y^'^y-u{x)y^'^-u\x)y. (2) 

HecjiojKHO BH^eTb, HTO j^jisi rjia;i;KOH (i)yHKii;HH u{x) flH(|)(|)epeHii;HajibHoe BbipajKeHne ^ h 
KBa3H;i;H4)4)epeHii;HajibHoe BbipajKeHne ^ coBna;];aiOT. Tenepb hgoSxo^hmo oSisacHHTb, KaK mm 
noHHMaeM pemenHe ypaBnenHa 

l{y) := -y" + u\x)y = Xy + f, A G C, / G L2, 



iPa6oTa nowiep»caHa rpanTOM P$$H No. 07-01-00283 h rpanTOM HHTAC No. 05-1000008-7883. 
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c HaHajibHbiMH ycjiOBHHMH y{a) = yo, V^^K*^) = Ui-, ^ [0,7r]. Mbi nepennmeM 3to ypasHeHHe b 

BH^e CHCTeMbI 



r^e Di = y, y2 = y^^^- HpH stom ajieivieHTbi MaTpHn,bi 

A(x) -- 



u 1 
—A — —u 

aBJiaiOTCsi 4)yHKii;H5iMH h3 Li[0, tt]. Torfla (cm., nanpHMep, [HI rji. V, §16]) npn jiioSom c G [0, tt] 
ypaBHeHHe 

y' = A(x)y + f, y[c) = ieC\ 

HMeeT eflHHCTBeHHoe pemeHne y(x), npHMeivi y(a;) — aScojiiOTHO nenpepbiBHaa na [0, vr] BCKTop- 
(J)yHKii;Ha. 

C BbipajKenneM ([2]) CBajKCM onepaTop L, onpeflejieHHbifi paBencTBaMH 

Ly = l{y), D(L) = {y\ G Wl[0,n], l{y) G L2[0,7r], y(0) = y{n) = O} , (3) 

Mbi He npe^nojiaraeM, hto (J)yHKn,Hfl BemecTBeHna. Hepea L Gy^eivi oSoanaHaTb onepaTop, 
nopo>KfleHHbiH conpajKeHHbiM flH4)(J)epeHn,HajibHbiM BbipajKeHHeM l{y) (b KOTopoM 4)yHKn,Ha 
u{x) saMeneHa na u{x)) h tgmh jkg KpaeBbiMH ycjiOBHaiviH y{0) = y{7T) = 0. HpaMbiM bmhhc- 
jienneM nojiynaeivi cjie^yiomee npe^jiojKeHHe. 

yTBepacfleHHe 1 (OopMyjia JlarpanjKa). /I^am (ftyuKnuu f G g G cnpaeedAueo 

mocHcdecmeo 

{Lf,g) = {f,Lg), 
m.e. onepamopu L u L esauMUO conpnotceHU. 

ripeflCTaBHM ocHOBHbie peayjibTaTbi o cneKTpe onepaTopa L. 

"VTBepac^eHHe 2. (cm. 15\, Teopejua 1.5]) Onepamop L uMeem Henycmoe pesoAbeenmHoe mho- 
otcecmeo u cneKuip eso ducKpemen. 

06o3HaHHM nepea uj{x, A) pemenHe ;],H(|)(|)epeHn,HajibHoro ypaBHenna l{uj) = Xuj c HanajibKbi- 
MH ycjiOBHaMH u;(0, A) = 0, ^^[^^(O, A) = 1. 5Icho, hto nyjin ii;ejiOH (i)yHKii;HH ^^(vr, A) coBna;i;aiOT c 
coScTBeHHbiMH 3HaHeHHaMH onepaTopa L. AjireSpanHecKoii KpaTHOCTbio coScTBeHHoro SHane- 
HHa Ao Mbi Gy^eM nasbiBaTb KpaTHOCTb nyjia Aq (J)yHKn,HH uj{Tr, A). C ^pyrofi CTopoHbi, b CHjiy 
TeopeMbi cymecTBOBaHHa h e^HHCTBenHOCTH, reoMeTpHnecKaa KpaTHOCTb Ka>K^oro coSctbgh- 
Horo SHaneHHa paBna 1. HycTb Aq ecTb co6cTBeHHoe SHaneHHe ajireGpaHHecKoii KpaTHOCTH p. 
Torfla (J)yHKii;HH uj^^\x, A), j = 1, 2, ... ,p — 1 yflOBJieTBopaiOT ;i;H4)4)epeHii;HajibHbiM ypaBHenn- 
aM l{uJx'^) = Xuj^/^ + uj^^~^\ npHHCM uj^^\o,X) = uj^;^\tt,Xo) = 0. ToTj^a (J)yHKn,HH uj^^\x,Xo), 
j = 0,l,...,p — 1 oSpaayiOT n,enoHKy coSctbghhoh h npHCoe^HHenHbix (|)yHKn,HH, OTBenaiomyio 

CoScTBGHHOMy SHaHeHHK) Aq. JlerKO BHflGTb, HTO 4)yHKn,HH 3T0H CHCTCMbl JIHHeHHO HeSaBHCHMbl, 

a 3HaHHT nopojK^iaiOT no;i;npocTpaHCTBO pasMepnocTH p. CoScTBeHHbie aHaneHHa mm oSoana- 
HHM {A„}^, npHHCM HyMepaii;Hio 5y;i;eM bgcth b nopa^Ke BoapacTanHa MOflyjia |Ai| ^ IA2I ^ ... 
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c yneTOM ajire6paHHecK0H KpaTHOCTH. B cjiy^ae coBnaflenHH MO^yjieft HyMepan,Hio 6y^eu bg- 
CTH no BoapacTaHHK) apryivieHTa, ananeHHa KOToporo a^ecb h ^ajiee ^oroBopHMCfl BbiSnpaTb 
H3 nojiyHHTepBajia argAj G (— 7r,7r]. Hofl CHCTeMOH coScTBenHbix h npHCoe^HHenHbix (J)yHK- 

I1;HH {yn(3^)}l° Mbl SyflGM nOHHMaTb CHCTeMy, nOJiyneHHyiO HOpMnpOBKOfl ||?/n||L2 — ^ chctg- 
Mbl {uj^^\x, Xn)}- SaMCTHM, MTO flJIS BemeCTBGHHOH u{x) BCG CoScTBeHHbie 3HaMeHHa SBJiaiOTCa 

npocTbiMH (nocKOJibKy onepaTop L 3;i;ecb caMOConpajKen h, CTajio 6biTb, ajireSpaH^ecKaa KpaT- 
HOCTb co6cTBeHHbix 3HaHeHHH paBHa Hx reoMeTpHHecKoii KpaTHOCTn). 

BepneMca k pe3yjibTaTaM o cneKTpe onepaTopa L. Chmbojiom I2 mm 5y;i;eM o5o3HaHaTb bgco- 
Boe npocTpancTBO, cocToamee h3 nocjieflOBaTejibHOCTen KOMnjieKCHbix Huceji x = {xi, X2, ■ ■ ■} 

TaKHX, HTO 

00 

k=l 

YTBepacfleHHe 3. (cm. TeopeMy 2.6 pa6omu I5j) IJycmb u{x) G W2 npu ueKomopoM 
^ 9 < 1/2, a q{x) = u'{x) e cmucac meopuu pacnpedejienuu. Tozda 

v/A^ = n + s„, n = 1,2, ... , 2(?e {s„}^^i G (4) 

SaMenaHHe 1. B HacniHocmu, omcmda cjiedyem, HinO HUCACl \J \n JieCHCClTTl 6 HEKOTThOpOU HO- 
AynoAoce {z E C\\lm z\ < u, Re z > fi > —00} u ece co6cmeeHHue snaueHUM HeAHwmcH 
npocmuMU, HauuHan c neKomoposo HOMcpa N. 

B cjiyMae ^ > mm MOJKeM yTBepjK;i;aTb 5ojiee chjibemh pe3yjibTaT 

"yTBep:H<;^eHHe 4. (cm. TeopcMy 2.1 pa6omu fB']) Uycmb u{x) G W2 npu HCKomopoM 
< 6 < 1/2 u \\u\\e ^ R, a q{x) = u'{x) e cmucac meopuu pacnpedcACHUu. Tosda 

^/X^ = n + Sn, n = 1,2, . . . , sde {sn}n=i e I2, 
npuHCM ^ Cfifi, ^de ecAUHuna C saeucun^ Aumt om R u 9, ho hc saeucum am 

(f)yHK%UU u. 

SaMenaHHe 2. Tukum o6pa30M, npu 6 > mochcho ymeepcncdamb, HTnO HUCAQ, \J \n ACMCO,m 
6 HCKomopou noAynoAoce {z G C| | Im z| < vr^. Re z > > —00}, a ece co6cmeeHHue 
SHaueHUH HBAHiomcH npocmuMU, HauunaH c HeKomopozo HOMcpa Nr^q. 

Otmgthm, hto b TeopeMe 2.1 pa6oTbi [6] BbinHcan h BTopoii njien acHMnTOTHnecKoro pa3Jio- 
jKGHHa. B 3T0H (J)opMyjie TaKJKe JierKO mojkho nojiynnTb paBHOMepnbie on,eHKH. 

riepeH^eM k pe3yjibTaTaM o CHCTCMe co6cTBeHHbix h npHCoe^HHenHbix (J)yHKn,HH. 

yTBep:a<;^eHHe 5. (cm. meopcMy 2.9 pa6omu [5]) IJycmb u{x) G W2 npu ncKomopoM 
^ 9 < 1/2. Tosda cucmcMa {yn\T co6cmeeHHUx u npucoeduHCHHUx (pyHKU,uu onepamopa 
L o6pa3yem 6a3uc Pucca e npocmpancmee L2[0,7r]. 

^BcHDfly B flajibHeiimeM Ha6op hhjkhhx HH^eKCOB y nocTOHHHMx, BCTpeHaiomHxcfl b pasjiH^HMx oiienKax, 
6yfleT o6o3HaHaTb MHOJKecTBO Tex h tojibko tgx napaMeipoB, ot kotopmx saBHCHT Bbi6op ^aHHoii nocToanHoii. 
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TaKHM o5pa30M, cymecTByeT e^HHCTBeHHaa 6HopToroHajibHa5i CHCTeMa {wn}i° (i.e. CHCTeMa, 
fljiH KOTopoii BbinojineHbi paBencTBa {yniWm) = f^™)- B HameM cjiynae STy CHCTeMy mojkho 
npe^TiflBHTb. 3tot (J)aKT xopomo HSBecTen ^jin KjiaccH^ecKHx noTeHn,HajiOB q G Li[0, vr] (cm., 
HanpHMep, [21 rji. 1, §3]) h 6e3 KaKHx-jinSo HSMeHeHHii nepenocHTca na cjiynaH q G Wg^^fO,??] 
(fljia flOKaaaTejibCTBa TpeSyeTca tojibko (J)opMyjia JlarpanjKa (cm. yTBepjK^eHHe [T])). 

TeopeMa 1. nycmt u{x) G L2[0,7r]. Uycmb A„ = A„+i = ■ ■ ■ = A„+p„ — co6cmeeHHoe snaue- 
Hue onepamopa L KpaniHocmupn. 06o3HaHUM Un+j = lJ^^\x, A„), j = 0, 1, . . . ,Pn — ^ (nempydHO 
eudemt), nmo amo ecmb co6cmeeHHaH u npucoeduHeuHue ^yHKit,uu Sam conpHOtctHHOso onepa- 
mopa L u ego co6cmeeHHOso SHaneHUM A„j. Tosda (pyHKii,UH Wn+j 6uopmosoHaAbHou cucmeMU 
UMeem eud 

Pn — 1 

s=0 

sde Mampuii^a B = (&jj)o"~^ ecmb odpamnasi Mampuit^a k Mampu%e A = {ai j), = {yn+i,uJj)- 
B uacmHocmu, ecAU A„ npocmoe co6cmeeHHoe SHauenue, mo w. 



tin 



" {yn,yn) ■ 

TaKJKC, KaK H fljifl coScTBeHHbix SHaneHHii, acHMnTOTH^ecKoe noBe^eHHe coScTBennbix (J)yHK- 
ii;hh MOJKeT 5biTb jierKO onpe;i;ejieHO. AcHMnTOTHnecKH Bce coScTBennbie snaHeHHa o;i;HOKpaTHbi. 
3to nosBOJiacT HafiTH acHMnTOTHnecKoe noBe^eHHe h bcktopob SnopToroHajibHOH CHCTCMbi. 

TeopeMa 2. Uycmb u{x) G W^a^p, n], ^ 9 < 1/2, a \\u\\g ^ R. Tosda naudemcH hucao ma- 
Koe, umo co6cmeeHHue ^yuKv^uu yn u Wn onepamopoe L u L, a manotce ux Keasunpouaeodnue 
UMewm acuMnmomuny 



yn{,x) = ^sinnx + (pn^x), y^n\x) = n(^^Jl cosnx + <j)\{x)^ , 
Wn{x) = ^J^sainx + 'ipn{x), Wn\x) = n i^-^J^ cosnx + 'ipl^{x)^ , n = N,N + l,.... 

OcmamKU e amux cfiopMyAax manoeu, umo nocAedoeameAbuocmu hucca 

I3n = Un{x)\\c[o,n] + || (a:) || c[o,^] 7n = UI{x)\\c[o,7t] + || (a^) || c[o,^] 

oo 

npunadACMcam /g- Bpu 9 > Q uoMcp N = Nji^g, a ^ {f3^ + 7^)^^-^^ ^ C_r,6»- 

n=N 

3tot peayjibTaT mm npHBeflCM c ^OKaaaTejibCTBOM, nocKOJibKy oh hc 5biJi c(|)opMyjiHpoBaH 
b npe^ibi^iymHx pa5oTax. HaM noTpeSyiOTca HCKOTopbie BcnoMoraTejibHbie yTBepjK^eHHa. 

JleMMa 1. Uycmb hucao p G C manoe, umo cymecmeyem pemenue 9 = 9{x,p) ypaencHUH 

X XX 

9{x, p)= px + J u{t) sm{29{t, p)) + ^ ^ W ~ ^ ^ ^^(^) cos{29{t, p)) dt. (6) 



Tosda pemenue s{x,p) ypaenenun 



Ly = p y 



2„_ 
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ydoeAemeopHwmee ycAoeuHM s{0, p) = 0, s^^^{0,p) = 1, donycnaem npedcmaeAenue 
ps{x,p) =r{x,p) sin6'(x, p), s'^'(x, p) =r{x,p) cos9{x,p), 

sde 



r{x,p) = exp \ — I u{t) cos{26 {t, p)) dt 



2p 



M^(t) sm{29{t,p))dt 



(7) 



(8) 



/(oKasameAhcmeo SToro yTBepjK;i;eHH5i HMeeTca b n. 2.1 paSoTbi [5]. (l>yHKii;HH r n 6 HasBaHbi 
MOflH4)Hn,HpoBaHHbiMH (J)yHKn,HflMH npio(|)epa, a npe^CTaBjieHHe (I7j) — nojiapnbiM npe^CTaB- 
jieHHeM. 

JleMMa 2. (cm. acmmu 2.3] Uycmti u{x) G L2, \\u\\l2 ^ R, a u — ^UKCupoeauHoe hucao. 

IIOAOMCUM 



T(p) = max 



u{t) sm(2pt) dt 



u{t) cos(2pt) dt 



+ 



2|p| 



2(?e X = ch27rz/. To2(9a HaildemcH adcoAtomHaH nocmoHHuaH e > (mookho eanmh e = 2 ), 
maKaH, umo Bah ecex p, Aeofcamux e noAoce \ lm p\ ^ u u ydoeAemeop^wmux ycAoeuw 



T(p) < £(1 + 64/?^ X- 



(9) 



ypaenenue (l6|) UMeem eduHcmeeHHoe pemenue 6{x,p), Komopoe npedcmaeuMO e eude 

e{x, p)=px + fix, p), \f{x, p) I ^ CT(p), (10) 

zde C — a6coA'K)mHasi nocmomHan. 

JleMMa 3. (cm. [6, acmmu 2.4] nycmh u{x) G W2 , ^ 9 ^ 1, \\u\\g ^ R. Tosda npeo6pa3oea- 
Hue 0ypbe amou (fiyHKii^uu 

7r 

F{p) = [ u{x)e'f"' dx 



e noAoce | Imp| ^ u donycnaem oit,eHKy \F{p)\ < CR\p\ ^ , zde C saeucum moAtKO om v. 

JleMMa 4. IJycmb nocAedoeamcAbHocmb {pn}i° manoea, umo \pn — n\ < 6 < 1/4. To2da npu 
< 9 < 1/2 onepamop : W2 — > ^2? onpedeACHHUu paeencmeoM 



ospaHUHCH u 630 HopMU saeucum moAhKO om 5 u 9. 
HiaK, ;i;oKa>KeM TeopeMy [2l 



f{t)e'P"'dt, 
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JJoKaaameAbcmeo. B CHjiy jieMMbi [T] a;(a;, A) = s{x,p) = ^r{x, p) sm9{x, p). Mbi y>Ke anaeM, 

HTO Bce HHCJia JiejKaT b HeKOTopoii ropnaoHTajibHOH nojioce. Bbi6epeM hhcjio u b jieiviMe [2] 
TaK, HToSbi Bce OHH nonajiH b nojiocy Ily = G C| | lmz\ ^ u}. Hpn btom z/ = 6*), ecjiH 
^ > 0. ^ajiee, j^jisi jiioSoh 4)yHKii;HH u HMeeivi T(p) ^0 npn IIj, 3 p — +oo, a anaHHT ycjiOBne 
([9]) BbinojiHeno npH Rep > po{u). Bojiee Toro, npH 9 > mm MO>KeM npHMGHHTb jieMMy [3l a 
Tor;i,a T(p) ^ C/j elpI"^, T.e. ycjiOBHe ([9]) BbinojiHeno npH Rep > Pq{R,9). Ha yTBep>KfleHHa [4] 
cjie^yeT, hto bhg nojiynojiocbi {| Imp| ^ u, Rep > po} jigjkht jinnib Kone^Hoe hhcjio = Njig 
coScTBeHHbix 3HaHeHHH. HiaK, npHCTynHM k ^OKaaaTejibCTBy acHMnTOTHHecKHx paBencTB ([5|). 
By;i;eM flajiee CHHTaTb hto p jigjkht b nojiynojioce {| Imp| ^ z/, Rep > po}. no;i;cTaBJiaa paBen- 
CTBO (llOp B TpnroHOMeTpHHecKHe (J)yHKn,HH, HMeeM 

sm9{x,p) = sinpx + 7i(x, p), sm2^^(x,p) = sin2pa; + 72(x, p), cos26'(a;,p) = cos2px + 73(x,p), 
r^e sup |7j(x,p)| ^ C^T{p). S^ecb mm BOcnojibsoBajiHCb cjieflyioiu,HM HSBecTHbiM (J)aKTOM: 

xe[0,7r] 

ecyiM G'(^) — aHaAumuuecKaM ^yuKii^usi, mo \G{^) — G{()\ ^ M |^ — (\, sde M = max|G'(?7)| 
u MttKCUMyM 6epemcM no rj, jieMcam,eM na ompesne (] KOMnjiencHou njiocKocmu. Ho^tCTaB- 
jiafl nojiyHeHHbie pabencTBa b npe^CTaBjienHe (El), nojiyHHM r{x,p) = 1 + 74(x, p). OTCiOfla 
s{x, p) = EILEE+J^i2h£l ^ Yji^e sup |7j(x, p)| ^ CyT{p). HcnojibsyeM Tenepb acHMUTOTHHecKHe 

a:e[0,7r] 

(J)opMyjibi ([4]) fljia coScTBeHHMx SHaneHHii. HycTb Bna^ajie ^ > 0. /Jjia coKpamenHH aauHCH 
Sy^eM o5o3HaHaTb nepea Or^ nocjie^OBaTejibHOCTH npocTpancTBa /g, nopMa KOTopbix on,eHHBa- 
GTca BejiHHHHOH C/jg, 3aBHC5iiii;eH OT R, 9, HO He 3aBHcain;eH ot m b mape ||m||6» ^ R- IlocKOJibKy 
Pn = n + Sn, rfle = Oji^g, TO HepaBCHCTBO |s„| < 1/4 BbiHOJiHeno npu n > N'^^g. YBejiH- 
MHBaa, ecjiH nyjKHO, Bbi6paHHbiH panee noMep N, h npHMenfla jieMMylH HMeeM T(p„) = On^e. 
^ajiee, 

sin pnX = sinnx + Or^o, — = -(1 + Oi?,^)), 



a 3HaHHT 



pn n 

sill 7XX 1 

s(x,p„) = h -76(x,p„), r;i;e sup |7(x,p„)| = Or^. 

n n 



Tenepb ocTaeTca HopMnpoBaTb (]3yHKn,HH s{x,pn)- HMeeM p„)||L2[o,7r] = + ^Or^q, ot- 
Ky^a yn{x) = f^^^^^?,? = J^sinnx + 0„(x), r^e sup |7(x,p„)| = Or^q- Hpn 61 = Bce 

' " ^ xe[0,7r] 

BMKjia^KH HOBTopaiOTca c Toii pa3HHn,eH, hto KOHCTaHTM Tenepb 3aBHcaT ot (|)yHKn,HH u. 

HTaK, nepBaa acHMUTOTHnecKaa 4)opMyjia b ([5]) ^0Ka3aHa. BTopaa 4)opMyjia flOKa3biBaeTCfl 
aScojiiOTHO TaK >Ke, HOCKOJibKy s^^^{x, p) = r{x, p) cos9{x, p). ^Jia flOKa3aTejibCTBa flByx ;i;pyrHx 
paneHCTB b (l5|) 3aMeTHM, hto {yniVn) = 1 + Or^o h Ho;i;cTaBHM 3T0 paneHCTBO B 4)opMyjiy 
Wn = {J'^^j-') (mbi y>Ke BbiSpajiH Bbime N TaKHM, hto |pn — n| < 1/4 npn n'^ N , a. HOTOMy Bce 
HamH co6cTBeHHbie 3HaHeHHa npocTbi). □ 

Tenepb mm c(J)opMyjiHpyeM pe3yjibTaTbi o HenpepMBHOH 3aBHCHM0CTH coScTBeuHbix 3Hane- 
HHH H coScTBeHHMx (J)yHKn,HH OT HOTeHn,Hajia u. HycTb Xniu) — HpocToe co5cTBeHHoe 3HaneHHe 
onepaTopa L{uq). JlerKO H0Ka3aTb (cm. [6l jieMMa 5.3]), hto b neKOTopon Majioii OKpecTHOCTH 
{u G L2[0,7r]| — Moll < e} OHO aBJiaeTca HeHpepbiBHoii h, 5ojiee Toro, anajiHTHHecKOH (J)yHK- 
H;HeH HOTeHH;Hajia. To ace nepno h jiflu coScTBeuHOH (J)yHKH;HH yn{u), a h3 aBHoro BH^a BeKTopa 
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Wn = {J^"y-) SHopToroHajibHOH CHCTeMbi BbiTGKaeT nenpepbiBHaii aaBHCHMOCTb Wn{u). Sflecb 
nac, o^naKO, bth peayjibTaTbi ne ycTpaHBaiOT, nocKOJibKy — oo, ecjiH (J)yHKn,Ha u 

H3MeHfleTCfl TaK, ^ToSbi |A„(m) — Xm{u) \ — >■ 0. 

TeopeMa 3. Uycmb u G iy|[0, vr], sde Q < 9 < 1/2, u \\u\\g ^ R. Tozda cymecmeyem maKou 
HOMep Nji^g, Hmo Sam a'io6oso n ^ Nji^g onepamop npoenmupoeaHUM Pn{u), onpedeAeuHuu no 

n 

npaeuAy Pnf = YHf^'^njUn u deucmeywmuu U3 npocmpaHcmea L2[0, vr] e npocmpaHcmeo 

k=l 

W2[0,7r], Henpepueno saeucum om napaMtmpa u. A umchho, \\Pn{u) — Pn{uo)\\L2^w^ ~^ 0; 
ecAU \\u — uqWo 0. 

SaMenaHHe 3. IJocKOAtiKy \\Pn\\L2^L2 ^ ||-Pn||L2^H^2 > omctoda CAedyem u HenpepuenaH aaeu- 
cuMOcmb Pn{u) KdK onepamopa U3 npocmpaHcmea L2[0, vr] e L2[0,7r]. 

HaM noTpe6yeTC5i peayjibTaT pa6oTbi [5j (Teopeivia 1.9) 06o3HaHHM nepea onepaTop, no- 
pojK^eHHbiH flH4)4)epeHn,HajibHbiM BbipajKeHHeM leiy) = —y" + qe{x)y, r^e = u'^. 

"VTBepacfleHHe 6. Uycmb ^ u e vr]. Cymecmeyiom SHaueHUH A G C mame, umo npu 
ecex docmamoHuo JuaAux e ^ anaHenue A npunadACMCum pesoAbeenmnuM MUOMcecmeaM 
onepamopoe L^, a nocAcdoeamcAbHocmb {L^ — A)^^ cxodumcn k L npu £ ^ e paenoMcpHou 
onepamopnou monoAozuu, m. e. 

- A)~^ - (L - A)"i ^ npue^Q. 

Tenepb mm roTOBbi ;],0Ka3aTb TeopeMy [3l 

/(oKasamcAbcmeo. B CHjiy yTBep>K;],eHHa [4] Han^eTca TaKoe ^hcjio "jR^e = + 1/2, ^to 

npn J11060M u H3 mapa \\u\\0 ^ R b oSjiacTH {p G C| |Rep| < 7r,0; |Inip| < ^yR^g} jigjkht 
poBHO N HHceji pk = -\/Afc, a j^jisi Bcex ocTajibHbix mhcgji pk = a/A^ BbinojineHbi HepaBencTBa 
\pk — k\ < 1/4. /Jjia jiioSoro n ^ Nr^q o5o3HaHHM r„ = {A G C| |A| = (n + 1/2)^ — KOHTyp 
B A-njiocKOCTH. Tor^a npn jiioSom u h3 mapa ^ R BnyTpn SToro KOHTypa jig^kht poBHO 
n coScTBeHHbix 3Ha^eHHH c HOMepaMH k = 1,2, ... ,n. Tenepb name yTBep>K^eHHe cjie^yeT h3 
yTBepjKfleHHa [6] h KJiaccHnecKHx pe3yjibTaT0B o nojiynenpepbiBHOCTH H30JiHpoBaHHbix HacTeii 
cneKTpa (cm. [U TeopeMbi IV. 2. 23 h IV. 3. 16]). □ 
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